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We study models in which parameters such as the gauge coupling constant and mass are functions
of some conserved charge in the universe. We ﬁrst consider the standard Dirac action but in which
the mass and electromagnetic coupling constant are a function of the charge in the universe, and then
extend this to scalar ﬁelds. For a Dirac ﬁeld in the ﬂat space formulation, the formalism is not manifestly
Lorentz-invariant. However, Lorentz invariance can be restored by performing a phase transformation of
the Dirac ﬁeld. For a scalar ﬁeld, we identify a new feature whereby the initial conditions for the ﬁeld
are derived from the action. For a Higgs ﬁeld, the initial conditions require that the universe is in a
false vacuum state at a certain time slice, which is quite important for inﬂation scenarios. We also study
false vacuum branes using a similar approach. We discuss the use of spoiling terms that violate gauge
invariance to introduce this initial condition.
© 2013 Elsevier B.V. All rights reserved.1. Introduction
According to Landau, “The future physical theory should con-
tain not only the basic equations but also the initial conditions
for them” [1]. In physics we deal with equations of motion that
are obtained by varying the action and the question of the initial
conditions or boundary conditions is normally separate from the
equations of motion. By giving both the equations and the con-
ditions, we can solve physical problems, such as many differential
equation problems for which the solution is determined by the ini-
tial conditions. Knowing just the equations of motion or just the
initial conditions does not give a solution. This motivated us to
construct a model in which the initial conditions can be derived
from the fundamental rules of physics, without a need to assume
them. We need to check whether the new model is consistent with
causality and other requirements.
The inﬂation model is an example of a system in which the
initial conditions are indirectly known; the question arises as to
why the initial conditions should be as they are. There are many
inﬂation models deﬁned in terms of the type of inﬂation potential.
The question is why the initial ﬁeld should have speciﬁc initial
conditions.
The problem regarding the initial conditions for inﬂation is
that there is no known way to start the universe from the false
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http://dx.doi.org/10.1016/j.physletb.2013.05.061vacuum state required for inﬂation that has a vacuum energy den-
sity greater than that of the present universe. In fact, it appears
counterintuitive not to start from a lower energy state. One idea
that would seem to be a solution, so-called eternal inﬂation, does
not in fact solve the problem. According to Guth and co-workers,
“Thus, inﬂationary models require physics other than inﬂation to
describe the past boundary of the inﬂating region of space–time”
[2–6]. They proved that there must be a singularity in the past for
the eternal inﬂationary model. There are also some initial singular-
ity problems related to the creation of a baby universe from a false
vacuum. Such a singularity cannot conceivably be produced in the
laboratory, since it has no prior history [7], so we need some rea-
son for such initial conditions for the singularity of the creation of
the universe.
We were motivated to consider another research direction and
study a model in which the boundary conditions can follow from
the action. This type of approach can be used in a model in which
the space-like boundary conditions of a system are ﬁxed without
any additional assumptions, such as ﬁxing false vacuum boundary
conditions for a brane. There are some equations in mathematical
physics that constrain the possible initial conditions that can be
given. For example, in electrodynamics, the equation ∇ · E = 4πρ
is a time-independent equation for E and ρ that tells us that we
cannot give an initial value problem for which ∇ · E = 4πρ is
not satisﬁed. We want to deal with a type of constraint equation
that does not impose a constraint everywhere, only on a surface
(time-like or space-like), and therefore actually provides initial or
boundary conditions. In Section 2 we review some ideas on actions
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for charged scalar ﬁelds in Section 3. We see that generalization of
models in which parameters such as the gauge coupling constant
and mass are functions of some conserved charge in the universe
may yield such an effect.
In a previous publication we considered the standard Dirac ac-
tion but for which the mass and the electromagnetic coupling con-
stant are a function of the charge in the universe. Here we extend
this work to scalar ﬁelds. This was motivated by the idea of obtain-
ing a Mach-like principle. For a Dirac ﬁeld in the ﬂat space formu-
lation, the formalism is not manifestly Lorentz-invariant. However,
Lorentz invariance can be restored by performing a phase trans-
formation of the Dirac ﬁeld. For scalar ﬁelds, we identify a new
feature whereby the initial conditions are derived from the action.
In the case of Higgs ﬁeld inﬂation [9], the initial conditions re-
quire that the universe is in a false vacuum state at a certain time
slice, which is quite important for inﬂation scenarios. We study
false vacuum branes using a similar approach.
2. Background
2.1. Feynman use of an action to implement the boundary conditions for
Green’s function
Feynman added a term to an action to obtain the initial condi-
tions for Green’s functions. The propagator is
DF =
∫
d4p
(2π)4
eip(x−y)
p2 −m2 →
∫
d4p
(2π)4
eip(x−y)
p2 −m2 + i , (1)
which is equivalent to adding a small imaginary mass φ2m2 →
φ2(m2 − i) to the action, where  > 0. In this case we ob-
tain boundary conditions for a Green’s function rather than direct
boundary conditions for the ﬁeld. The Feynman prescription only
tells us that positive frequencies propagate forwards in time and
negative frequencies backwards, so the boundary conditions for the
ﬁeld at a certain time slice still have to be speciﬁed.
2.2. Relation between charge and mass for a vector ﬁeld in a closed
universe
Markov and Frolov noted that a closed universe can be for-
mulated with a nonvanishing charge [10]. They showed that the
metric for the closed universe can be deformed by redistributing
the matter and introducing a charge, which yields a semi-closed
universe with mass and charge. If we take the equation of motion
for a massive vector ﬁeld in an arbitrary space,
Dν F
μν −m2Aμ = −4π jμ, (2)
we can conclude that
m2
∫ √
g Aμ dσμ = 4π Q . (3)
Thus, when we have a mass for the vector ﬁeld there can be also a
charge that is spread throughout the universe. Markov and Frolov
showed that for the closed universe metric
ds2 = a2(η)(dη2 − dχ2 − sin2χ dθ2 − sin2χsin2θ dϕ2) (4)
there also can be charge [10]. We can see that the coupling con-
stant can be a function of the total charge of a closed universe,
and in principle different universes with different charge values
will have different coupling constants, provided a mass is added to
the gauge ﬁeld action. For example, a zero mass will give a zero
charge and a non-zero mass will give a non-zero charge.2.3. Chemical potential
Bose Einstein condensation provides an example of the appear-
ance of charge dependence for an action [11], for which we add
a term proportional to the charge to the partition function, where
the proportionality constant is the chemical potential μ. In this
case the effective potential is of the form V (φ,μ). From this it is
not hard to imagine that there could be an effective potential that
depends on Q rather than μ (e.g., performing a Legendre trans-
formation) to obtain V (φ, Q ). Note, however, that to deﬁne Q we
must specify a certain time slice, which is crucial. This is simi-
lar to the result obtained by Frolov and Markov, who found that
the mass of a vector boson depends on the charge [10]. Just as in
their case, this is a result of the equation of motion. However, we
are interested in a relation between the coupling constant and the
charge implemented at the level of the action, before using the
equation of motion. Note that if we obtain a constraint equation
we can solve this and substitute the result back into the action, so
in this sense our approach may be related to that of Frolov and
Markov.
3. Electromagnetic coupling constant as a function of charge in a
Dirac ﬁeld
We begin by considering the action for the Dirac equation
S =
∫
d4x ψ¯
(
i
2
γ μ
←→
∂ μ − eAμγ μ −m
)
ψ, (5)
where ψ¯ = ψ†γ 0. However, here we assume that the coupling
constant e is proportional to the total charge (this can be gener-
alized and we can also consider an arbitrary function of the total
charge [8])
e = λe
∫
ψ†
(y, y0 = t0)ψ(y, y0 = t0)d3 y
= λe
∫
ρ
(y, y0 = t0)d3 y (6)
and we show that physics does not depend on the time slice
y0 = t0.
Thus, after the new deﬁnition of e the action is
S =
∫
d4x ψ¯(x)
(
i
2
γ μ
←→
∂ μ −m
)
ψ(x)
− λe
(∫
d3 y ψ¯
(y, y0 = t0)γ 0ψ(y, y0 = t0)
)
×
(∫
d4x ψ¯(x)Aμγ
μψ(x)
)
. (7)
We can express the three-dimensional integral as the four-
dimensional integral∫
d3 y ψ¯
(y, y0 = t0)γ 0ψ(y, y0 = t0)
=
∫
d4 y ψ¯(y)γ 0ψ(y)δ
(
y0 − t0
)
. (8)
Thus, the action is then
S =
∫
d4x ψ¯(x)
(
i
2
γ μ
←→
∂ μ −m
)
ψ(x)
− λe
(∫
d4x ψ¯(x)Aμγ
μψ(x)
)
×
(∫
d4 y ψ¯(y)γ 0ψ(y)δ
(
y0 − t0
))
. (9)
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δψ¯b(z)
= δ4(x − z)δab and δψ(x)δψ¯(z) = 0, we ob-
tain the equation of motion
δS
δψ¯(z)
= 0 =
∫
δ4(x− z)(iγ μ∂μ −m)ψ(x)d4x
− λe
(∫
d4x δ4(x− z)Aμγ μψ(x)
)
×
(∫
d4 y ψ¯(y)γ 0ψ(y)δ
(
y0 − t0
))
− λe
(∫
d4x ψ¯(x)Aμγ
μψ(x)
)
×
(∫
d4 y δ4(y − z)γ 0ψ(y)δ(y0 − t0)
)
. (10)
Therefore, to achieve our goal we just need to perform the in-
tegration for the last equation, so the expression can be simpliﬁed
to
δS
δψ¯(z)
= (iγ μ∂μ −m)ψ(z)
− λe
(∫
ψ¯(y)γ 0ψ(y)δ
(
y0 − t0
)
d4 y
)
Aμγ
μψ(z)
− λe
(∫
ψ¯(x)Aμγ
μψ(x)d4x
)
γ 0ψ(z)δ
(
z0 − t0
)
. (11)
This can be further simpliﬁed using the new deﬁnition be =
λe(
∫
ψ¯(x)Aμγ μψ(x)d4x), which is a constant, and the deﬁnition
in (6)
δS
δψ¯(z)
= [iγ μ∂μ −m − eAμγ μ − beγ 0δ(z0 − t0)]ψ(z)
= 0, (12)
where AGFμ = ∂μΛ and Λ = beθ(z0−t0) is a pure gauge ﬁeld. Thus,
the solution of this equation is
ψ = e−ibeθ(z0−t0)ψD , (13)
where ψD is the solution of the equation
[
iγ μ∂μ −m − eAμγ μ
]
ψD = 0. (14)
From this it follows that jμ = ψ¯Dγ μψD = ψ¯γ μψ satisﬁes the
local conservation law ∂μ jμ = 0 and therefore we obtain that Q =∫
d3x j0 is conserved, so it does not depend on the time slice; it
also follows that it is a scalar. We have previously described other
examples [8].
4. Actions that incorporate the initial conditions
We now show that when the type of action considered in the
previous section is generalized to include charged scalar ﬁelds, we
can obtain some initial conditions for such ﬁelds. These actions
can be produced by taking the coupling constant as a function
of a conserved charge. If we use this development, we can have
the initial vacuum state for the universe in the inﬂationary model.
Therefore, this initial condition gives us the initial conditions for
the universe corresponding to an initial false vacuum. We provide
some examples of actions that can produce initial conditions.4.1. Initial conditions from an action with general potentials depending
on the charge
We begin with the action of the Klein–Gordon equation (with
the metric diag(−1,1,1,1)):
S =
∫
d4x
√−g
[(
∂μφ∗ + i g
′
2
Aμφ∗
)(
∂μφ − i g
′
2
Aμφ
)
− V (φ,φ∗, Q )
]
− 1
4
∫
Fμν Fμν
√−g d4x− 1
16πG
∫ √−g R d4x
=
∫
d4x
√−g [(Dφ)∗(Dφ) − V (φ,φ∗, Q )]
− 1
4
∫
Fμν Fμν
√−g d4x− 1
16πG
∫ √−g R d4x, (15)
where the Q that appears in the potential V is given by
Q = λ
∫
d3 y
√−g [φ∗i←→∂0φ + g′A0φ∗φ]∣∣y0=t0
= λ
∫
d4 y
√−g [φ∗i←→∂0φ + g′A0φ∗φ]δ(y0 − t0), (16)
which is the total charge in the universe by deﬁnition of the Klein–
Gordon ﬁeld. Thus, variation will yield
δS =
∫
d4x
[
−δφ∗∂μ
(√−g ∂μφ)− iδφ∗ g′
2
∂μ
(√−g Aμφ)
− i√−g δφ∗ g
′
2
Aμ∂
μφ +
(
g′
2
)2√−g δφ∗AμAμφ
]
−
∫
d4x
√−g δφ∗ ∂V
∂φ∗
− λ
(∫
d4x
√−g ∂V
∂Q
)
×
∫
d4 y δ
(
y0 − t0
)[
δφ∗i∂ν
(√−g g0νφ)
+ √−g δφ∗i∂0φ + g′√−g δφ∗A0φ]
− λ
(∫
d4x
√−g ∂V
∂Q
)
×
∫
d4 y δφ∗iφ∂ν
(
g0ν
√−g δ(y0 − t0))= 0. (17)
From this we obtain the equation of motion
−∂μ
(√−g gμν∂νφ)− i g
′
2
∂μ
(√−g Aμφ)− i√−g g′
2
Aμ∂
μφ
+ √−g
(
g′
2
)2
AμA
μφ − √−g ∂V
∂φ∗
− 2i√−g λ
(∫
d4x
√−g ∂V
∂Q
)
δ
(
y0 − t0
)[
∂0φ − i g
′
2
A0φ
]
− λ
(∫
d4x
√−g ∂V
∂Q
)
iφ∂0
(√−g δ(y0 − t0))= 0. (18)
If we apply the transformation
A0 → A0 + 2iλ1b
g′
δ
(
y0 − t0
)
(19)
and
φ = eλ2bθ(y0−t0)φ0, (20)
where b = iλ(∫ d4x√−g ∂V ), we have∂Q
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(√−g gνμ∂νφ0)− i g
′
2
∂μ
(√−g Aμφ0)− i√−g g
′
2
Aμ∂
μφ0
+ √−g
(
g′
2
)2
AμA
μφ0 − √−g ∂V
∂φ∗
− 2b√−g δ(y0 − t0)
[
(λ1 − λ2 + 1)
(
∂0φ0 − i g
′
2
A0φ0
)
+ 0.5bδ(y0 − t0)φ0(−λ22 + (2λ1 − λ21)+ 2(λ1 − 1)λ2)
]
− b(λ1 − λ2 + 1)φ0∂0
(√−g δ(y0 − t0))= 0. (21)
If we require that (21) is like an ordinary Klein–Gordon equation
in which no delta functions appear, since the delta functions rep-
resent singular interactions we need that
λ1 − λ2 + 1= 0, (22)
−λ22 +
(
2λ1 − λ21
)+ 2(λ1 − 1)λ2 = 0. (23)
However, there are no solutions for λ1 and λ2 for these two
equations. If we say that the covariant derivative is equal to zero,
∂0φ0 − i g′2 A0φ0 = 0, and λ1 − λ2 = 2, then we still have a problem
with the term ∂0δ(y0 − t0) in (21). Therefore, we have to say that
φ∗(t = 0)φ(t = 0) = 0, (24)
where λ1 −λ2 +1= 0, which eliminates all the delta terms in (21).
This means that at t = 0 we obtain the Higgs ﬁeld in a false vac-
uum state.
In the inﬂationary Higgs scenario [9], the initial false vacuum
state is important.
It is easy to see that the same transformation works for varia-
tion by Aμ . By varying (15) by Aμ , we obtain
∫
d4x
√−g
[
g′
2
φ∗i
←→
∂μφ + 2
(
g′
2
)2
Aμφ∗φ
]
δAμ
+ g′
∫
d4x
√−g ∂V (φ,φ
∗, Q )
∂Q
∫
d3x
√−g φ∗φδμ0 δAμ
+
∫
∂ν F
νμδAμ
√−g d4x = 0, (25)
so the equation of motion is
∂ν F
ν0 = g
′
2
φ∗i
←→
∂0φ + 2
(
g′
2
)2
A0φ∗φ
+ g′
∫ (
∂V (φ,φ∗, Q )
∂Q
√−g d4x
)
φ∗φδ(t) = j0. (26)
We can see also that the gauge charge on the right-hand side
of (26), deﬁned as Q¯ = λ ∫ j0√−g d4x, and the charge Q deﬁnedby (16) differ by a δ(0) term. If Q = ∞, then V (φ∗, φ, Q ) for
a non-trivial function of Q will explode, so Q < ∞. In addition,
Q¯ < ∞ because the electric charge must be ﬁnite, so if Q |t=0 =
Q¯ |t=0 + cδ(t)|t=0 and δ(t)|t=0 = ∞, then we must have that c = 0
so that φ∗φ = 0. We arrive at the same condition from a different
point of view. A speciﬁc example is a closed universe, for which
we must have Q¯ = 0. This means that Q |t=0 = cδ(t)|t=0 = cδ(0),
so we must have c = 0 because Q appears in the potential and
the potential must be well deﬁned, and thus φ∗(0, x)φ(0, x) = 0.
Shapere et al. noted that a singular interaction can impose bound-
ary conditions [12].
4.2. Boundary conditions from an action
We now take another direction in deriving the initial conditions
for inﬂation, and build up an action from which the boundary con-
ditions can follow. To do so we apply the closed technique used
above, but the solution is different and can be used for other ap-
plications. We use the deﬁnition proposed by Anderson [13], which
takes the following points in a submanifold:
xμ = Φμ(λ1, . . . , λN). (27)
The area element is
dτμ1,...,μN = δμ1,...,μNν1,...,νN
∂Φν1
∂λ1
· · · ∂Φ
νN
∂λN
dλ1 · · ·dλN , (28)
where
δ
μ1,...,μN
ν1,...,νN =
∣∣∣∣∣∣∣
δ
μ1
ν1 · · · δμNν1
...
δ
μ1
νN δ
μN
νN
∣∣∣∣∣∣∣
. (29)
This can also be written as
dix
μ = ∂Φ
μ
∂λi
dλi, (30)
so the area element is
dτμ1,...,μN = δμ1,...,μNν1,...,νN d1xν1 · · ·dNxνN . (31)
The dual area elements in N = 4 dimensions are
dσμ = 1
3!μνρσ dτ
νρσ , dσ = 1
4!μνρσ dτ
μνρσ , (32)
where μνρσ is a Levi-Civita tensor with weight −1. By the Stokes
theorem we have∮
gμν jν
√−g dσμ =
∫
∂μ
(√−g jμ)dσ . (33)
In our case, jμ = φ∗←→∂ μφ − g′Aμφ∗φ, where ∂μ(√−g jμ) = 0
arises from the conservation law for a scalar ﬁeld. Therefore, we
have∮
jν g
μν√−g dσμ =
∫
M
∂μ
(√−g jμ)dσ = 0. (34)
Thus, if we have a closed surface Σ = Σ1 +Σ2 containing the vol-
umeM, then we have the conservation law∮
Σ
jν g
μν√−g dσμ =
∫
Σ1
jν g
μν√−g dσμ −
∫
Σ2
jν g
μν√−g dσμ
= 0 (35)
and thus
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∫
Σ1
jν g
μν√−g dσμ =
∫
Σ2
jν g
μν√−g dσμ = const. (36)
If dσμ is space-like, this represents the total charge on the surface
applied over all times.
If we deﬁne the theta function
θ
(
f (x)
)=
{
1 if f > 0,
0 if f < 0,
(37)
where f (xμ) = 0 on surface Σ1, we also demand that ∂μ f (x) = 0
on the surface then we have:
δμ
(
f (x)
)= ∂μθ( f (x)). (38)
Thus, we can express (36) in another way:
Θ = λ
∫
M1
(
jμδμ
(
f (x)
))√−g dσ , (39)
where λ is a normalization that depends on ∂μ f (x) and where
λ
∫
M1 δμ( f (x))
√−g dσ = ∫
Σ1
√−g dσμ .
Returning to the action we used before, for which the potential
is now V (φ,φ∗,Θ), we have
S =
∫
dσ
√−g
[(
∂μφ
∗ + i g
′
2
Aμφ
∗
)(
∂μφ − i g
′
2
Aμφ
)
− V (φ,φ∗,Θ)
]
− 1
4
∫
Fμν Fμν
√−g dσ − 1
16πG
∫ √−gR dσ
=
∫
dσ
√−g [(Dφ)∗(Dφ) − V (φ,φ∗,Θ)]
− 1
4
∫
Fμν Fμν
√−g dσ − 1
16πG
∫ √−g R dσ . (40)
By variation of φ∗ , we obtain the equation of motion
−∂μ
(√−g gμν∂νφ)− i g′
2
∂μ
(√−g Aμφ)− i√−g g′
2
Aμ∂
μφ
+ √−g
(
g′
2
)2
AμA
μφ − √−g ∂V
∂φ∗
− λ√−g
(∫
dσ
√−g ∂V
∂θ
)
δμ
(
f (x)
)[
2i∂μφ − g′Aμφ
]
− λ
(∫
dσ
√−g ∂V
∂θ
)
iφ∂μ
(√−g δμ( f (x)))= 0. (41)
If we apply the transformation
Aμ → Aμ + 2iλ1b
g′
δμ
(
f (x)
)
(42)
and
φ = eλ2bθ( f (x))φ0, (43)
where b = iλ(∫ dσ √−g ∂V
∂θ
), we have that
−∂μ
(√−g gμν∂νφ0)− i g
′
2
∂μ
(√−g Aμφ0)− i√−g g
′
2
Aμ∂
μφ0
+ √−g
(
g′
2
)2
AμA
μφ0 − √−g ∂V
∂φ∗
− 2b√−g δμ( f (x))
[
(λ2 − λ1 + 1)∂μφ0− i(λ2 − λ1 + 1) g
′
2
Aμφ0
+ 0.5bδμ
(
f (x)
)
φ0
(
λ22 − 2λ1 + λ21 + 2(−λ1 + 1)λ2
)]
− b(λ1 − λ2 + 1)φ0∂μ
(√−g δμ( f (x)))= 0. (44)
If we require (44) to be like an ordinary Klein–Gordon equation,
we need
λ2 − λ1 + 1 = 0, (45)
λ22 − 2λ1 + λ21 + 2(−λ1 + 1)λ2 = 0, (46)
for which there is no solution, so we must conclude that φ(x0) = 0
when f (x0) = 0.
We can see also that variation of the action (40) by Aμ gives
1√−g ∂ν
(√−g F νμ)
= g
′
2
φ∗i
←→
∂μφ + 2
(
g′
2
)2
Aμφ∗φ
+ g′
∫ (
∂V (φ,φ∗,Θ)
∂Θ
√−g′ dσ
)
φ∗φδμ
(
f (x)
)= jμe . (47)
5. Boundary conditions from spoiling terms
It has been shown that some spoiling terms that break gauge
invariance do not contribute to the functional integral [14–16].
Here we see that spoiling terms for which a non-gauge-invariant
charge is introduced induce boundary conditions that imply van-
ishing of the spoiling terms. To see this, we take the action
S =
∫
d4x
√−g
[(
∂μφ∗ + i g
′
2
Aμφ∗
)(
∂μφ − i g
′
2
Aμφ
)
− V (Q NGI, φ,φ∗)
]
− 1
4
∫
Fμν Fμν
√−g d4x− 1
16πG
∫ √−g R d4x, (48)
where we introduce the non-gauge-invariant charge
Q NGI =
∫
d4x
√−g δ(t − t0)
[
φ∗i
←→
∂0φ + g′1A0φ∗φ
]
, (49)
where NGI denotes non-gauge-invariant and g′1 = g′ . If we vary the
action by a gauge transformation
Aμ → ∂μΛ + Aμ (50)
φ → φ0eig′Λ, (51)
all the other term of the action cannot change but
Q NGI → Q NGI + (g′ − g′1)
∫
d4x
√−g δ(t − t0)∂0Λ(x)φ∗φ. (52)
Thus, for all Λ(x), if V (Q NGI, φ,φ∗) has a non-trivial dependence
on Q NGI , then equating the variation of the action to zero implies
that
φ∗(t0)φ(t0) = 0. (53)
Of course this means that the theory effectively cancels the non-
gauge-invariant terms when the variational principle is used, so
gauge invariance is effectively restored. Boundary conditions that
are gauge-invariant are also obtained.
It is interesting to compare the mechanism obtained by intro-
ducing spoiling terms to that obtained for climbing up a potential
using a ghost ﬁeld, so in this way we may also end up at the top
of the potential [17].
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We studied models in which parameters such as the gauge cou-
pling constant and mass are functions of some conserved charge
in the universe. We ﬁrst considered the standard Dirac action but
for which the mass and electromagnetic coupling constant are a
function of the charge in the universe. We then extended this to
scalar ﬁelds. For a Dirac ﬁeld in the ﬂat space formulation, the
formalism is not manifestly Lorentz-invariant. However, Lorentz in-
variance can be restored by performing a phase transformation of
the Dirac ﬁeld.
For a scalar ﬁeld, we have a new feature whereby an initial
condition for the ﬁeld is derived from the action. In the case of a
Higgs ﬁeld, the initial conditions require the universe to be in a
false vacuum state at a certain time slice, which is quite important
for inﬂation scenarios. False vacuum branes can also be studied
using a similar approach.
It should be noted that not all possible boundary conditions
seem to allow such a formulation, which is probably good, because
we would like a theory on the boundary conditions to restrict such
possibilities.
We showed that some spoiling terms that break gauge invari-
ance do not contribute to the functional integral [14–16]. We have
seen that spoiling terms for which non-gauge-invariant charges are
introduced induce boundary conditions that imply vanishing of the
spoiling terms, and in a special example chose a universe that sits
in the false vacuum in a certain time slice.
6.1. Future research
Up to now we used just the U (1) symmetry of a charged scalar
ﬁeld. Next we will explore a generalization of these actions using
non-Abelian charges, which could also lead to determination of the
initial conditions. We should study in more detail Higgs inﬂation
and how the boundary conditions required are obtained. We will
try to identify a method for obtaining initial and boundary con-
ditions for other ﬁeld types such as Dirac and vector ﬁelds. This
development could help in ﬁxing boundary conditions for some
applications to Bag models in the question of conﬁnement, or even
for applications in condensed matter theory for substances with
fermions.
So far we have discussed a given constant time surface that is
a space-like surface. We also considered the possibility of a time-
like surface. This could represent the dynamic surface of a physicalobject that obeys some equations of motion, for which the theory
of dynamic membranes can be used [18]. In the quantum mechan-
ical case we will have some associated wave function and each
surface has a deﬁnite amplitude. Such a wave function could deﬁne
the relevant initial conditions for the universe. The spoiling term
approach can also be used to induce the false vacuum boundary
condition for a time-like surface.
We will explore in greater depth the physical meaning of the
parameters that induce boundary conditions. One idea concerning
the spoiling term is that we introduce terms deﬁned with a wrong
charge that made them vanish, as we have seen. It is possible that
the wrong charge parameter played a role in the early universe and
did not leave any remnant, but left us with the initial conditions
that allowed for inﬂation in that early universe.
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